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PURPOSE: A mobile communication device including transmission and ^ 
reception multiple antennas and a method therefor are provided to j 
minimize the influence of interference and noise by feeding back long- I — — \^ 
term and short-term information, for reflecting the downlink 
characteristic of an antenna-classified space channel which exists 
between a base station with the transmission antennas and an MS 
(Mobile Station) with the reception antennas, from the MS to the base 
station. CONSTITUTION: A base station(10) having at least one 
transmission antenna recovers long-term and short-term information 
from a received feedback signal, and processes DPCH(Dedicated 
Physical CHannel) signals by basis information generated from 

recovered long-term and short-term information. The base station(10) adds pilot signals with the processed result, and 
provides the added result to MSs(20,22,24). Each of the MSs(20,22,24) having at least one reception antenna measures the 
first characteristic corresponding to the characteristic of a downlink channel according to the transmission and reception 
antennas, from the pilot signals transmitted from the base station(10). Each of the MSs(20,22,24) reflects the first 
characteristic, decides long-term and short-term information, converts decided long-term and short-term information into 
the feedback signal, and transmits the feedback signal to the base station(10). 
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Set®! 

am ehHiuM s&sfe oie s^i §j &mo\ jhai^ck j\x\=z ^ oie^g sssfe oi sat *ich£ amsi ^<m 

Qj-aiUM 3fe JIXI^ 4=<M°!" 3I& ±im^¥E\ SOI §J EOI iSii ^O, SOI ^ EOI gai^¥9 *Bg& bHI 0| A| ^ i^I 

oiswoi 2§ M£i xh^ ^iiH szt^o^ xHBiam, xhbi^ a:»» whs^ ^jhi in oi^^o^ 2^moi, 

5H&sfe hm m&m hm ^a»oi soi ^ epi §an ^si^i soi ^ toi 31 » ai^^ y&moi 

s^wia. soi soi ^ehmhi- soi ns&mm epi sse epi ^iehs^ 

epi sssfe ^si^^ tm. zi eh h^, ^ assi <gmm si^mAiu 4= °iM se* omai 2^ qioief h* 

(throughput)* SQI»A|3|D| ]fl|0|92| 998 LH^ SI^SAIiJ 4= sli SteCh 

8JIAI 

£ 1S S CHI 2Jt!" 0|= S<M S h xl 2\ JW^™°1 i^EOICf. 

£ 2^ £ 1011 £A|£! 01= pA] &xl CHI AH 4=H£I^ ^ US (XI 21 e 0|§ m±i iSi ^SBOI ¥l& M^^x^OIDK 

£ 3^ £ 2011 £A|3 AHI30 E^IOll □th ^ CHI 21 & MM0\\m ^SBOI ¥lth M^^x^OICK 

£ 4^ £ 1011 £A|@ XHI2, ... SE^ XHIX OI^^SJ ^ & ^ Oil 2Jth ^A|0]|SJ M^£0|CK 

£ 5^ £ 3 Oil £A|£! AHI42 B^IOil CHth ^ ^SOll 2\m °J ^AIOIIM M^o[J\ ^ M^^Xt^0\Q. 

£ 6^ £ 4 Oil £A|£! SOI §S ^S¥^1 ^ ^§011 2\m MA\0\\2\ M^SOIDK 

£ 7^ £ 5 Oil £A|^! HI 92 B^IOil CHth ^ ^SOil 2J°h ^A|01|g ^S6^| ?|th M^¥x^0|LK 

£ 8^ £ 30il £A|^! HI 44 B 31 Oil U\m ¥ ^§0il 2\m ^AIOIIS ^SS^I ¥lth M^^x^OIDK 

£ 9^ £ 40il £A|@ EO| §S ^S!¥2j ^ ^SOil 2Jfh ^A|0||2J M^£0|CK 

£ 10^ £ 80il £A|£! H1 132 E^IOil ^ ^9 Oil 2|& ^A|0j|« ^S^OI ¥l^ m^Xmo\Q. 
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£ 11^ £ 2 Oil £A|£! HI 32 &3IOII U\m ^ US Oil 2|& ^A|Oj|M ^SsPI ^1 & M^¥x^O|Eh 
£ 12^ £ 1011 £A|£! }|X|^2| ^ gfaoil 2|& ^ ^A|0]|2J M^£0|Eh 

£ 13= £ 11011 £A|£! HI 1 62 EPII01I GHth ^ US01I S\m ^A|Oj|g ^S§PI $\m I^?^0|Df. 

£ 14^ £ 12011 £A|i bUOIAI^ ^^¥2J ^ US01I 9\m ^A|Oj|SJ M^£0|Eh 

£ 15fe £ 13011 £A|3 HI204 &3II01I CHS ^ US Oil & tfAIOIIS gSSPI S\m M^xl^OIEh 

£ 16= £ 15011 £A|@ ^AIOIIM *M!6fe £ 14011 £A|@ HI 3 7(\tt¥2\ ^ US Oil 2]^ d|-g-*!& gJ ^A|0j|2J S^£0|Eh 

£ 17= £ 11011 £A|3 H1 1 64 &3I0II □ & ^ US01I 2im ^ A| Oil ■ ggsPI ^fh M^=A^O|Eh 
£ 18= £ 17011 HI 240 EWIOII Q\m ¥ US Oil ^ AI01IS ^§6PI i^X^OIDf. 

£ 19*= £ 12011 EAIi 01^ ^§¥2J ^ US Oil 2|& dh&*!e gJ ^A|0]|2J M*j£0|Ch 
£ 20= £ 12011 £A|£! tHI 0| A| EH *! = ¥2J ^ US Oil 2J°h ^A|0j|2J g^£0|DK 

sr^o! ^mfe 2itir s* n mom rnmim 

¥ US = 01= m±10\\ ^m AH, mm> hhoIS, Z_^ ^ &g2J Stm Sl^lhAIIJ 4= £1 = am &B\Um £& h 6fe 01 = 

m±i &a1 ^ CHI ^oia. 

aH-AHI □ 01= =A] A|^ = eiXH PCS 01= A|^U|- &£| SCI- J1^9\ E||0|EHg ££°!-Eh = gJ^ = b|=J| ^Aj £] ^ 3£ 
^i!" Dfi S^(W-CDM A: Wideband Code Division Multiple Access) ^Dl^ =JI CDMA-2000(Ehe 3£ g» am 

^y^jo^ 0 |= s<m ai^ = e jixi^s mm cm eh oi=^moi m^iai-^ heh^ ^p^^ck oi= s^i ai^ouh qioiehm 

E^SPI ¥lsHAH mi 01 S (fading)^ ^= 01= S<m XHU3 ^£011 COB ^ AhgXhU Z_^S sl^m^HO^ tbCh 51I0IS2J Stf^ gAj 0 | 

M^sm^ii 3= ^xispi mm ^^^^ aoibHAi ei &±\m 01 bh& ei-oi \m ai ei ^^m^ smei sz> choi bH ai bi (space 

diversity) m ^EIIUS OlgthEh. 

mm, am ^eiium A^gai-^ A[§xm^s\ ^i^^& 4= d:h=oii ir* 01= p<m ai^s= ^eiium ^4=^1^^ 

Mg^EK Eh^ 21- Ell LH OlgmO^ 51101 SM ^^[^ EI-OI bH AI El g^g ^OPI ^1 BH M§3b £^ Eh^ e^EIIU Al^^j^ 

xhAil EH 01= S<moj Ah bh^oj ^oi fi^^EK 

PI 01 EH M 6PI ¥1 oH, U&_^ei 01= pAj A|^ij= XHU ^^M^OIIAH M<M ^^011 SlfM Dlxl^ ^^M^ 

ahuei siioism m ^mmot ma. zwam^, aiiois= 4=<y tim.2\ B^m 4= d bchi m 4=4J dB^xi s-^appi ih=oiek siioism ^ 

^M6PI ¥loHAH OIEH EI-OI bH A| El ^1^01 Mm&Q. ^^21 CDMA £>^= ^^(delay spread)^ OlgoH EI-OI bH A| El 

4=^6^ BIIOIB(Rake) 4=^1 ^IM XH^am 2! Eh B1I0IH 4=^1^1^ am ^ ^(multi-path) ±im.m 4=^6fe 4=^1 E^OIbHAIEI ^1^01 Eh 3 EH Lh 
01 E|-0| bH A| El ^1^^ XI ^ ^Ah 0 | =^mXI 3§I 5>^Eh 

Z.^ (Interleaving)^ 391 0|g6|-^ A[ Zj- EhOI dH A| El (time diversity) £MEH ^£&1l£(Doppler spread) XHU01IAH AFg^lEh 

3 EH Lh 01 ^a|= XH^ £MEH xHUOUH 0|g£|^| OH BI ^ =HISS ^ h ^Eh XI ^ ^A_h 0 | ^= LH XHU^ XH^ £MEH xHUei aSXh 
XHU01IAH 5H0ISS ^^6PI ^I^H SZt EfOlbHAI EP^ Mm&Q. 5^ ChOlbH A| BI ^ ¥ OI^SJ ohEHUMS Ahgm^ ^o^ AHj 

oHEimoii s\m 2i@ timjt siioisoh s\m s?, am &B\um o\^m n Mm.m 4^afe a-^ioiEh sz^ ei-oi hh ai ei ^ 4=^1 

oi-EHUM 0|gm^ 4=<M &J-HI L-h E|-0| dH AI El 2\ £M ^EIIUS 0|§m^ £M ^EIIU EfOlbHAI El^ U^lEh 0|=^2J 3? 3^!^ b|g ^3 Oil AH 
4=^1 ^EHU EI-OI bH A| El M MX\ 6PI Sl^l IH = 01h ^IXI^SJ ^<M o hE im EI-OI bH AI El A^OI ^l&^Eh 

£M 9}B\a EI-OI bH AI Blfe 0| = ^o^g r^- ^B(downlink) XHU §S1 ^IXI^OI 7-11 & E||^^(closed loop) EI-OI bH AI El 21- 
0|=^o^ ¥E) ^ixi^o^ ^| & o| gt^ JH¥H(open loop) 2^ EI-OI bH AI El J\ 9ia. 2^ EI-OI bH AI El ^ 0| = ^01IAH ^I^Hh HJ\m 

^§moi si^!2j ^hexis ^^Eh jixi^ xHUsj B^ish ^i^hg ^^epi mm °ya\a u^ ^p^£i^ nhu^d ±im.m slho^ ^Eh 01=^^ 
nhu^d M^m mm xhusj b^i ^ m&m xhu^j b^i ^ ^i^ ss^^eh sj^hj ^hexie §±ma. 

£M 91B\a EI-OI bH A| El Oil AH 2J-EHU 4=^1- ^^1-6^ E|-0|bHA|EI ^ Mm. □ SMbl^ ^|^ tf^£|XIB_h QOIbHAIEI mH[9\ JWM 
§£^ ^IXI^OIIAH M§5fb ^E1|L»HJ ^H4=(£^, ^l^^h 2^£|^ S^Ph e^hSOil IhEh ^, EfOlbHAI EI°J §£^^ S^h&OHl CCh B|- D\\^ 
eOi = Eh BEH£^, o|^S mm DH¥ ^H^l^! E|-0|bHA|EI 5101 ^£A| bh^^lth ^SOIE^B m 4= SI Eh CCh AH E|-0| bH A| El 

111 ^H^1API= ^^a Z.^ sl^mAPIH LH¥ aj^ □ &MHIM SCHSFAPI^ ^tr^^ ^IXI^OIIAH AUBfb 

ohEHUPJ ^H4=« e^hAPI^ 5101 b^^mEh 

E|-0| bH A| El mHJt ^Et OhU Z_^ ^ &SCHI LH¥ ^j^^h ^ SlfS sl^mAPI^ S £S HBIth 2^ ^IS CHBIIOI 

(arrary) 2>EHU Al^ijS 'D^ ^jB S£S (beamforming) Al^ij'OI^ ma. 01 IH, B£ EI-OI bH A| El £1- D^PhXI^ 7-11 & Olgufe 
Al^ijg 'BH¥H E^ g3 SSS A|Z^'0|E|- ^Eh 0| = ^o^ ¥B1 ^|x|^o^ 7-11 &£|^ §M1 Olgufe 511 ¥H E^ |3 gJSS 

ai^s^, ?-ii& xhusj =oi mmmjw m^.3iO\ <&x\ %a& xhu sin m ^smxi =bh s<m ^&api^ =hism 

^Eh 

^ S-ai imt-2000 S^sh &xH|o], 3GPP(Generation Partnership Project) R(Release)99 bH2= 2^H e]-&1IUMM ¥1^ BH 2^ 
E|-0| bH A| El 2^ &1-EIIU- OH EHI 01 (TxAA) H1 1 ££ §J HI2 ££M xU^otl. 9XQ. OI^IAH, TxAA HI1 ££^ £5|0K)1|AH Hl^eh 51^^ 
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¥ ^aim^ 5\&xi&m tii^apih txaa H12 22^ 2^mek>uh hie^ ^2.^ ¥ ^eiiussi ^is om ^ 01^2 ^ai^jck 

TxAA HM 22 ^ HI2 2Eb IMT-2000S^°] UMTS(Universal Mobile Telecommunications System) AI^US ^ R^m E*HI 

3GPP0UH §th 9A||(specification)0ll JHAISCH fflCf. 

Ell ^2 DFOIbHAIEI &±\2\ TxAA H1 1 22 2^ HI 2 SEb CH3I0I °I9IUM AhgShDi 2^ OiBIIOI & Ell US 2^0|| 
^4=(complex)^0H SHSSfc ^SM» £Ohah2^ ^iCf. CH EHI 0| °hEIIU0|| °PhS|{= Jtmx\±= XH^HI- ^2^AH Oj|S 

10 w=h*(w2h ^IE|0|U.)M AhS&p-. 01 m, #i = SM| xHI ^ SAIi *]EHM SAI6H2, #^ S Ml xHI ^ SA|£|AI 
SAI&U. CO AH, CH SHI 01 XH^OIIQ Oi^lOI ei-EIIU ^hgxl *|E10|U. 

gjaj-ZHo^ 0 | = «£! A\±mm m mm ¥M^(FDD:Frequency Division Duplex)^ Ahgsfe gM*!^ £^ XH^ 4=£! *H^2J 

i=SJ0| Q^D\ CLH^CHI JIAI^OUH *Ha(h)S SPI °l oH AH *H^ SI2S *I*A|3|<» ffCJ. OIS flffl TxAA HM 22 2^ HI2 2Eb 

SJ2(h)2¥EH m J[WX\M 121 0| = ^0| ^PSK)| J|AI^22 MLH2^ ^?S!£|CH 21U. TxAA HI 1 SEb ^Xl (w=[|w1 lexp 

(jei)Jw2|exp(j02)])(w1^ w2^ ^ttBfOIU.) §2 g ?IS h ^ ^ CHI 8H3»fe 92-01 ¥^E»- ¥ bl^.2 ^XUfSfOj ?|I&A|^IU. CQ-B4- AH , 
¥I^2J 3^2^ ji/2}|- E|H £TAHf SICH ju/4J|- 7-II&2I «aMS!g feOPI ?|uH DH £Zt ¥ HIMS § & d|M°t S£! (update) »fe 

§ HI (refine) ia§ AFS&P-. OlIM S3 ¥ b|^.S2J ^tfo^/d {b(2k), b(2k-1)}, {b(2k), b(2k+1 )}(Op| AH , b^ DH £Zt ^S(slot) EhflS 
Tfl&Elfe H|=.M 2|D|»U)0| ;^5fE^ §hU. TxAA HI 2 22^ ^h^xl §2°J ^?S! Q.±°l ?|£Kft 0\mm 2¥ ?H&A|tIU. ?IS^ 3HIMS 
TII&APIH 0| = = 1 b|^ S*A|fJU. DZhBI-AH, ?|^oj §Qj £ i= jl/40|H gmS- 2Sfe 5| CH Ji/QJt @U. 7-II&2J li^i feOPI ¥l DH 
^Zi- 4b|^ g m b|^&> a^afe Sl^^l § HI (progressive refine)22S Mg^DK §HI 2 2 Oil AH ^ b|^^ ^IHISfe tHI 0| A|^(basis)2J 
^0| £|^ ^3 S12^! 3 HI 2Eb ZlEHth ^Al 

TxAA HI1 22 ^ HI 2 SEb ^EilU 4=^ A| ^Zt (space-time) XW^9\ m&0\ St IH ttmUt °HI§MM ^^CK 
21 AH, ^^hms ^ BtaiU ^^XIM 7-II^AI^O^ 6h2^ i4l$Aia §Si StOI ^^l £|CH OI^^SJ 0|= ^SCHI [L\E} 

m±i iifAma. ^, siiois xh^oiiah o\m^°\ o\m ^2^h ^elfais aisz^ ah^sj s^f ^i^h^, xh^ §22j 

^2^h S^h6H0|= fhCK Ihe-hAH 7-11 ^ ^2^h ^§£|CH 2123, ^EilU 40h S^hSOll D>Bf g^hSfe 7-II& gSb S<y AH o|-API ^ iHH 

Dh^o^^ ohEimM^ ^e-Ph S^ai ^2£|AI 8123 ^ °^IU2J xH^Zt 4^^ h (correlation)0| ^Jl^Ct. 0\mH\ xH^Zt 4^^ h 0| 

e^Fms xh^ Dii^^i^pj §2^01 ^mffl, & oigms e^aiu 401- ^^^ch2 ^ o\mm ^o\\m mmit 

^OiUAl m^tt. ot J\B TxAA H1 122 ^ HI 2 22^ AI^ZI XW^m ^&o[^ ¥ ^ XW^0\ ^Bo\ =^I^O|Bfe ShOII 

^^£|CH 2122^, oj-aiU AI^ZI XH^2J ^^0| S6|-^ ^¥011 0|g§ 4= SICK ~)\\l\J\, ¥ °^|LH 2JW 

2Ch ^01 M§Bfb e^SOil 311 M 5>AI §|6hD|, 3^H 0|£j- ^EilUM MgthCHI SI-CH BI-2 ¥4=th HIS& 4= SICK 

ir^oi oi¥:n^ afe ^^^f urn 

^ m^o\ oi^nAh 3hHi^, £±i ^aiue^ 4=^1 ^am§i =^ ^iai^^ 01=^ moioii ^im^ &Bmm szt 

xh^sj anf m^m ys^b soi ^ e+^i §an oi=^o^¥eh ^iai^2^ tii^ai^, z.^ ^ sirs si^mani 3^ pi 01 bi- 
&m mu\mM3\&M siioig^j <*mm lh^ si^mAi^ 4= si^ ^/4=<m ch ^ehum s^m^ 01= m±i &x\m Hism^ hi sack 

^ ^ h soi oi^ziAh afe jUtM^, ^/4=^i ^ams s^afe oi= m±i &x\o\\m 4=iy£i^ 01= mM u ja§ 

HlSm^ CHI 9JLQ. 

&D\ jII-AHIM 0|¥^l fl« p JIAI^ ^ 0| = ^M 2&6fe ^ gtgOII 2|ff 01= S<M ^CH2 8HJ2I ^EIIUM £PI 

4=<y^ 7-II1F <M^^¥EH SOI ^ &.OI §SH 4^1 SO I ^ SOI &.OI §2M^¥EH bHI 01 A| ^ 

Olge^OI 2§ Mil XH^ ^llii g^2^ xHil 6^, SOI xHB-13 HHJ^ ^Jlli ^h^hth ^3hM SOI 01=^2^ 

S^ahffl, ^jCH2 5hU2J 4=^1 CHILIS SOI 01 = ^^ SOI ^|AI^2^¥EH SOI HF^^^ ^1^M^¥EH SOI £M ^ SOI 4=^1 

&aiLna »» xh^2j — ^ chi hm ^io, soi HM ya»« SOI SOI S SOI E.OI l§i 

soi soi ^ soi eoi §sn soi ?-ii& ai^^ &&mo\ soi ^iai^2^ soi soi iab soi *iehs^ &m.m 

SOI SOI EOI iSb EOI JQ^ ^] EHMHf ^Sth EOI H^StMS 51 0| bh^-^mCF. 

SOI QB 31- HIM Ol^^l ¥|BH, ^|CH2 mUSJ Sl-EHUM ^lAl^^h *!CH2 mU2J 4=^1 0|=^ZI0]| i^li 

4=sa^ ^ oil 2i& oi= s<m ^a^, soi £<y ^ soi 4=^ ^ami mtr xh^sj ^^ei hm y^moi soi oi=^q]|ah 

Hi SOI ^ EOI SOI 0| = ^2^¥EH ^£im 711 & Si^^^EH M^iaHl, SOI SOI ^ SOI EOI S!2M^¥EH 

bHi 01 ai ^ §2S oigmoi 2§ mei *h^ ^ni sz_^2^ xhbi am, soi sz.^2^ xHBii ^nF2f n^5^ ^ni 3[&mo\ soi 
01=^2^ si^m^ e^im ^n, soi soi §ab &m.m soi ^ehmhf soi Ji^mm s^bu, soi eoi §ab 

EOI ^EHM^ EOI 2&6^ 5101 bh^mCL 

2^, ^ ^-soii oi= p<m s-a^ soi ^iai^2^¥eh soi n^^^ ^^=^¥eh soi hm m^m soi soi 

^ SOI EOI SOI HM ^^2^¥EH ISO, SOI SOI ^ SOI EOI SOI 7-11 & £J^^ S^moi SOI J|AI^2^ 

e^i« eh 5ioi bf^§m. 

oi ah ^ ^soii sjth ^/4=^ en ei-Eims s&a^ 01= ^ =^hk 3 s h xi oil ah 4=iy£i^ ^ ^soii si&h 01= 1^1 

^ai §¥& ESii S h ^a^01 EFM^f ^ h 0| ^S^EK 
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£ is e us oil oi§ m& sx\s\ jw^™°] m^s^ah, Jixi^do), an. ai2, ... §j aix oi=^m(2o, 22, ... ^ 24)^ 
£ 2^ s 1011 £ai@ 01= s<m &xiouh 4=H£i^r ¥ waoii o\m s<m u Q ^i ?i& m^xm^M, ?-ii& 

E*3||(*II30 E^l) ^ <M^^¥EI SOI §J EOI 0|gs|-OJ 5^2^ XH£|@ 2§ M ELI XW^ Ai<g>M(DPCH:: Dedicate 

Physical CHannel)^ HHJ^ ^Isii 21-^01 S£8hfe E^l(ai32 E^l)^ OI¥01£!Dh 

£ 1011 £A|3 ^11, M2, ... ^ aiX 0|S^S(20, 22, ... ^ 24)^ AH 5L §gl& JI^M ^iofDj, 21X1^(10)^ ^Oi£ 8hU2J 
ei-aiUM ^H, HM, ai2, ... EE^r XHIX 01=^(20, 22, ... EE^r 24)^ ™0]^ ShU2| 4=<M 2*91 U» ^feEL 01 IH, H1 1 , ai2, ... EE^r XHIX Oll^ 
(20, 22, ... EE^r 24)^ Oil ■ 13 LE^I Oil &5hCL 

£ 1011 £AI3 J|XI^(10)^ SOI ^ EOI iSii ail, M2, ... SE^ XHIX 011^(20, 22, ... EE^ 24)o^¥El 7-lllh <Mm^¥EH 

MSism, soi §j eoi yiioiAi^ ga§ oiga^oi 21 gai <m^m(dpch)m xnaism, 

52.^2^ XH&I3 2§ B£l HhgJ^ <M^(p|CH:Pllot CHanneDMM Jt^m S^S XH1 1 , XHI2, ... EE^ MX 0ie^(20, 22, ... 

EE^ 24)^^ &£mQ(M32 OPI/d, IH-SHS^ £!£ [Pi(k)] (1 <i<B, £tt °}&\149\ JH4^AH 101 #2| gT2J S!4=g UQfcHCUfe 

51 III-sj^e A]^(CPICH:Common Pilot CHannel), 3§ MSUS^ XW m <M^(DCPICH:Dedicate CPICH) EE^r 2X\ 51 MSUS^ 
^^(SCPICH:Secondary CPICH) D}¥Ph H 4= SIP-. 

¥ g*9 0|| 2J& 21X1^(10)01 S£& bh^h ^-01 i^t 4= XI ^H" 4= ^CH£ »U2| 4^ E^EHUM Sfe XH1 1 , XHI2, ... ^ 

XHIX 01 = ^(20, 22, ... ^ 24)^ CHUth SEH^^XI 4= SACK ^, XH1 1 , XHI2, ... EE^ XHIX 0| = ^(20, 22, ... EE^ 24)^ ^ 4=£1 

ehEIIUM 8F» £H y (downlink channel)2j ^g[0im, XH1 1 ^£(H)0|EF eCKHOPI /H, »B0|Q.)(0|8h BM|X||£ SA|£! 

sAiem, ^mix-ii^ sAiaxi &^ ^ ±mzm RMma.)m ^s^oi soi §j eoi i§i 4= 2122 ^dk 01 in, §j 

4=<M BhEllUB aHf XH^2J ^^(H)0|^, J\ XI ^(1 0)o^¥EH »I1 P XHI2, ... ^ XHIX 01=^(20, 22, ... ^ 24) ^ CH 01 = ^(20, 22, ... EE^ 
24)o^ 2^£l^ XH^2J ¥1^^ B^IM SJDI&P. E+, XH1 1 ^^(H)2J ^(column)^ ^|XI^(10)2J ^ai oj-eII L-hCHI 2Jth XW^^ ^^£IH, S 
(row)^ ^11, XHI2, ... EE^ XHIX 01 = ^(20, 22, ... EE^ 24)2J 4=^ ^ Ell U Oil 2|th XH^^ ^iCf. ^, H2J ^ ^^M^ ^HIUOII 2\m 
SZi-Oil CHoH ^PoHXI ly ^^M^ 4=^ Eil U- CHI 2|th 5^011 □ oH ^BH^IEh. 

oil & pi , an, ai2, ... ee^ aix 01=^(20, 22, ... ee^ 24)^ ^ixi^(io)q^¥ei mmm^ Mm.m^¥E\ an ^^(h)m 
an ^(h)^^¥ei ^ 4=^1 2>eiiub xw^s\ soi eoi ia§ soi ^ 

eoi sail ?m tim.^ s^moi ^1x1^(10)^^ 3^&cKai30 e^d. oi^iah, soi iab soi ^ehm^ soi 
ii^^ii s&mn, eoi §ab eoi ^iehs^ eoi i^^ii s&tha. 

^ ^S2i oiuhm ?\m, an, ai2, ... ee^ aix 01=^(20, 22, ... ee^ 24)°j ^aioii ^ ai30 e^im eixh ^gam, ^1x1^(10)21 
^ ai 011 ^ ai32 &D\\m usoii M^mj\^ ma. 

om, ai30 e^i ^ an, ai2, ... ee^ aix 011^(20, 22, ... ee^ 24)011 u\m ^ usoii z\m ^aioiiss m¥m tsii s^moi 

aeHh ^01 ^SthEK 

£ 3^ £ 2011 EAI3 ai30 E^IOII ^ USOII 2Jth ^A|01I(30A)M ^Sa^l M^^X^^AH, ai 1 ^^(H)M E^l 

(ai40 EMI), XH^2J SOI ^ EOI E^l(ai42 ^ ai44 E^IM) ^ 2§^! SOI ^ EO| 7-II& ^1^^ SlFufe E^l 

(ai46 E^l)^ 0l¥Oi^EK 

£ 4^ £ 1011 £ai^! an, ai2, ... ee^ aix 01=^(20, 22, ... ee^ 24)2j ^ ^goii z\m ^Aioii2j m^s^ah, eham ch biioi(60), 

^§¥(70), SOI §S ^§¥(72), EOI §S S§¥(74), JQ^ §J XH^ ?-ll&¥M(76 ^ 78), ^1^ ^^!¥(80) ^ ^Jl ^&¥(82)^ 

£ 4011 £A|@ E^EIILI- O]B1|0|(60)^ M(01^|AH, 10|S h 2J gT2J S!4=0|Eh) J\\2\ 2hEHU(62, 64, ... ^ 66)M i^H, ^1X1^(10) 

o^^EH 5^2^ xHB-I^J 3§ i£| XH^ ^llii E^^^ ^Jlii ^^thP-. 0| IH, £ ^§¥(70)^ ^1X1^(10) 

o^^EH 2££|CH ohEim CH EHIOI (60)M mm 4=<M@ <M^S^¥EH ail ^^(H)S ^§6^, ^§^1 ail ^^(H)^^¥EH £<M ^ 

4=61 ^eiil^ mtr xh^2j ^ai s^ ^^[oim, ai2 ^(fi)oi^ ma.]m am 1^ ^oi ^^am, ^y^@ ai2 ^^(r)s soi §^ 

^§¥(72) ^ EOI S!E^ ^§¥(74)^ #^thCKai40 E^l). OPIAH, XHI2 ^^(R)^ BxB mM0\Q. 

H 

R=H • H 

ai40 e^i^oii, soi §a ^§¥(72)^ m& ^§¥(70)oiiah ^§^1 ai2 ^^(r)^^¥ei soi §aoii 6H&6fe soi ^ 

^E\m(Q LT )^ SOI H^^M(A LT )g SIO, l§i SOI ^lEHMCQ, ,)Hh SOI H^^M(A LT )S EOI SiS li¥ 

(74) ^ XH^ 7-11 ^¥(78)^ ^1^1 #^thEKai42 E^l). OPIAH, SOI SOI ^ EH Sh ^CH^ DHS ^IM ^Xlffl, SOI 

H^^^F DHS£|^ SOI ^ BH^h SOI EH CHI 0| IH, SOI ^ ^]E1S(Q LT )^ BxN B ^^0|H, SOI 

H^3m(A LT )^ N B xN B ty^OIEK 

0im, £ 3011 £A|£! ai42 E^l ^ £ 4011 £A|^! SOI S!M S§¥(72)2J ^ Oil 2J^ ^AIOIIMS ^¥^! S^a^OI 
901 ^SthEK 

£ 5^ £ 3011 £A|£J ai42 E^IOII DHth ^ ^§011 2Jth b^^ti" ^ ^A|01I(42A)« ^S^OI ¥lHh M^^X^^AH, XHI2 ^^(R)S 
V^ahQI ^ai ^ 4=ai ohE]|L^ mtf XH^2J SOI E^l(ai90 E^l) ^ SOI o^¥EH SOI §S1 E^l 

(ai92 E^l)^ 0l¥Oi61EK 

£ 6^ £ 4011 £AI3 SOI §S ^§¥(72)2J ^ ^§011 2Jth ^ AI 011 (72A)2J M^£^AH, ¥^¥(100) ^ ail ¥^1 ^l^¥(110)^ 
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HI 40 EMI^OII, £ 6011 £A|@ ¥^!¥(100)¥ XW^ = 3¥(70)^¥EH HI 2 ^£j(R)g ¥3^12, ¥^£! a:»[R LT (k)]« 

» 4=<M ^EllUg 8h» £H^3 SO I m&[Om, HI 3 ^£](R LT )0|Eh &U.]oSA| HM ^ ^¥(110)^ »§!eCK*ll90 EPII). 

OPIAH, HI 3 ^^(R LT ) ^, ¥^£i S3h[R LT (k)]^ Cfi 4^*1 221- 30| S^H 4= 5U°D1, BxB HBOICh 

R LT =£ H H .H=2r-' R LT (k)= P R LT (k-l)+R(k) 

OPIAH, p¥ £M h ^(forgetting factor) M UEHHH, k¥ Ol^-^oj AlZtM U-EFtHQ. 

HI 90 B3II*0|| P HM ^ 3I^¥(1 10)¥ ¥^!¥(100)^¥EH £J ^ HI 3 i|£](R LT )o^¥EH S (EVDiEigen Value 

Decomposition)^! 9\J\5[0\ SOI SOI *!EHM(Q LT ) ^ «S» SOI H^^M(A LT )S A J^O f SOI 

^EHS(Q LT )I* SS» SOI IE2«aS(A LT )S EO| SiM 3Si¥(74) ^ XH^ ?-ll&¥(78)^ ^ «^&CK»I92 &7\\). 01 J I AH, ^S0]| 
CH5HAH¥ "Matrix Computational Hl^^ 'G. Golub'Sf 'C. Van. Loan'011 9\m XH^SH & 0 (London) Oil ^± B?l± Q\% h 

(Johns Hopkins University) «eAKM 9\m 1996tM£01l Oil JHA|£|CH SLIP-. 

01 6K £ 5011 £A|£! HI 92 E^l §J £ 6011 £A|£! H1 1 3H<M-¥(1 1 0)£| ^ U9 0II 2|& ^A|0j|Sg CFSHF 90| 

£ 7¥ £ 5CHI SAI^l HI92 CHI CH& ^ ^ ^ CHI 2|& ^A|0]|(92A)M £9SPI ¥1^ M^¥a^^AH, SOI ^EHM^ SOI 

^^^li ^EHM^ ^11 SOI §S^AH E^I(HI120 ~ H1 1 24 EK«IS)S 0|^CH£!EK 

£ 6CHI £A|3 dhSh ^0|, HM ^l<^¥(110)¥ £ ZCHI £A|3 ^A|01I(92A)M 4=S60I ¥\o\\, HM H£? ^21(112), HM EH 4= 

}|£OI(114) §J HM £epi(116)S ^aH 4= 21Q. 

E! AH , HI90 EKffl^M, HM M^JId 12)¥ ¥^¥(100)^¥EH ^J^°h HI 3 ^£ (R LT )o^¥EH S«h M^SOII 2|:>16K)J BJ\\9\ 
SOI *]EHM(q LT1 ~ q LTB )^ BJW9\ SOI :Q««S(Vri ~ ^ LTB )M ^^O, ^^^! BJW2] SOI U««S(A. LT1 ~ A. LTB )M HM ^ EH 4= 

31^01(114)21- HM GHPI(116)S 2^ #^6h¥ M, BJW2\ SOI m« ^EHM(q LT1 ~ q LTB )M HM #^1(116)^ W^mQ(M^20 

E^l). 

H1 1 20 Eh3H^0ll, HM ^1 EH 4= ^I^O|(1 14)¥ HM ^3 S^I^M ^3J-6h¥ SOI H^^MSI ^H4=M 5^H6H2, 5^119 
SOI ^|EH4=(N B )(1<N B <B)^AH HsfDI, i§i ^s. SOI ^EH4=(N B )M HM ^1^^1(116)^ #^^EKHI122 E^l). 0|« ¥l 6H, HM 
^1 EH 4= }|£.0|(114)¥ 3hSEI(D|EA|) D}?|S ^P^^ 4= 9XQ. 0| EH, HM ^§ S^l^ h ^ '0'0| Ohd '0' CHI EMi &2.^M, HI3 ^^(R LT )01I 
^AHa^¥ 3 JIM SIDIfhCh 

H1 1 22 E^I^Oil, HM ^^^l(116)¥ HM Jl (1 1 2)^¥EH S^t!" B^H^J SOI ^IEHS(q LT1 ~ q LTB )e01IAH ®m0\ MJi^ &m 

SOI EH 4=(N B )E^°i SOI ^lEHSS ^^BfJ] ^^=1 SOI ^ ^iEHS^ 01^01^1 ^ *]EHMS ^It^ SOI ^EHM(Q LT ) 

5^ AH t^O, HM ^^OI(112)^¥EH B^H^J SOI H^^M(A, LT i ~ Vtb)^ 0 ^ ^l^^ 1 -Ol EH 4=(N B )E^2J 

soi Ji^mm soi h^^m^ oi^cn^i cii^iii soi zi^^s(a lt )^ah #^ekhm24 e^d. 

fh^, HI42 &^l*0j|, EOl §S ^S¥(74)¥ XH^ ^§¥(70)^¥EH HI 2 ^^(R)^ SOI §fi ^§¥(72)^¥EH ^i^th 

SOI gS(Q LT ^ A LT )^¥EH EOl SS01I 8H&8fe EOl ^EHM(Q ST )^ EOl H^^M(A ST )M 2§mi2, lii 

EOl ^EiM(Q ST )HF ^SfH EOl H^^M(A ST )M ^l&¥(76)^ fi^thEKHI44 E^l). OPIAH, &m.m EO| ^ EHH(Q SI )^ N B 

xN ST ilOU, ^Sth EOl H^M(A ST )^ N ST xN ST §M0|EK 01 IH, N ST ¥ ^m. EO| ^EH4=^AH, AhSXhCHI 2\oW D|E| ^§2J 

EOl JQ^ ^EH 4=(N STMAX )aEh ^CHO^ Z>[B\, 1 <N ST <N B <BJh 3 Eh 

0im, £ 3CHI £A|^! HI44 E^l ^ £ 4011 £A|£! EOl S§¥(74)2J ^ ^SOil £|& ^AIOIIMS ^¥^! ESii ^6K)1 E^Hh 
^■01 ^SthEK 

£ 8^ £ 3011 £A|£! HI 44 E^IOII CH& ^ ^S0|| ^ A| 011 (442A)« ^SSOI M^¥x^^AH, £<M ^ 4=<M ehEIIU^ mtf 
XW^2\ EOl S^ ^ah¥ E^I(HI130 E^l) ^ EO| m£°^¥E\ EO| E^I(HM32 E^l)^ OI^CH^IEK 

£ 9¥ £ 4011 £A|^! EOl S!^ ^§¥(74)2J ^ ^§011 9\m M A| 01I(74A)2J M^£^AH, EO| 4^ ^^¥(140) ^ HI 2 M^l 
J1I^¥(142)^ ^^=1EK 

HI 42 E^I^OII, EOl m£ ^^¥(140)^ XW^ m& ^§¥(70)^¥EH HI 2 ^^(R)^ SOI §S ^§¥(72)^¥EH 

soi §a(Q LT ^ a lt )m o\m^[o] ^ 4= a] eh ai anf xh^sj eoi ^^[oim, hk ^^(r st )oi^ ma.]m cm 4=^^ 3Uh ^oi 

^^O, HI4 ^£J(R ST m HI 2 ^^^^¥(142)^ S^^EKHI130 E^l). 0\J\M, HI4 ^^(R ST )^ N B xN B SM0|EK 

i i 
R ST — A LT Q LX R Qlt^lt 

H1 130 E^I^OII, HI 2 ^|Ah¥(142)¥ EO| S^ m& ^^¥(140)^¥EH HI 4 ^^(R ST )o^¥EH ^^SOII 

SJ^6K)1 gl^ EOl ^1EHS(Q ST )^ EOl H^^S(A ST )S A J^6U, ^^^! EO| ^EHS(Q ST )^ EO| 

II^^S(A ST )S 7-11 ^¥(76)^ EOl §^^AH #^thEKHI132 E^l). 

om, £ 8CHI £A|3 HI132 E^l ^ £ 9011 £A|£! HI2 ^^¥(142)21 ^ ^§011 ^AIOIISS EhM^h ^0| M&mQ. 

£ 10^ £ 8 Oil £A|£! HI132 E^IOil □th ^ ^§011 SJth ^ A| 0j| (1 32A» M^Dl ¥l^ M^^X^^AH, EO| ^lEHS^ EOl 

^EHMjII- ^^th ^§1 EOl SI^AH E^I(HI150 ~ HM 54 E^IM)^ OI^CH^EK 
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£ 9011 £A|i dhSh ^01, HI2 12^ ^^¥(142)^ £ 10011 £A|£! ^ A| 0j|(1 32A)« 4^ SO I ?|uH, HI2 ^^^1(144), HI2 EH 
4= ^1^1(146) ^ Aji*PI(148)^ 4= &Eh 

E!XH, XH1 1 30 B3||^0||, HI 2 ^ah j| (1 44) i= EOI m& ¥0 40)^¥EH HI4 mg(R SJ )°.^¥E\ B^m ^>-J a CHI 

9\y\mo\ N B JW2\ EOI *]EHM(q ST1 ~ q STNB )^ IVH2I EOI USaSO^ ~ A, STNB )S £S£iaH2, N B ^H°J &J\ H^MiX^ ~ A, 

STNB )M XHI2 *]E1 4= 3||£PI (146)21- XHI 2 £1^1(148)^ ^ #^6^ U B JU°\ EO| *]EHM(q ST1 ~ q ST N B )^ »I2 GHPK148) 

H1 150 B^OII, HI 2 ^1 EH 4= 31^01 (146fe HI 2 ^§ EPI JI^^MSJ JH4=« 5>^§8H1, 2^ ^ S«h 

mU\ EOI ^ EH 4=(N STMAX )^¥EH EOI ^EH4=(N ST )S SSShDl, li3 EOI ^IE14=(N sr )M HI 2 ^1^^1(148)^ 
fi^EKHI152 B^ll). = HI 2 *1EH 4= 3|a_0| (146)i= 3t^m^ iiUPh SI CH EOI EH 4=(N STMAX ) OI^OIE £l CH ^isL EOI 

4=(N STMAX )g ^m. EOI ^ *]EH4=(N ST )^AH i^O, asp I- SI CH ^s. EOI 2$? *iEH 4=(N STMAX ) SQ- ^23 

EOI *]EH4=(N ST )^AH fi^thCh 0|« flffl p HI2 *]EH 4= 3I a_0| (1 46fe ^hS EH ( □ I S A| ) 1^1^ 4= 9XQ. 0| M, HI2 

^§ 2^1^ '0'0| OfH 0' CHI ^Afi ^^AH, HI4 ^£J(R ST )0il ^XHm^r HJ|« 2|D|»Ch 

HI152 E^I^OIL HI 2 £1^1(148)^: HI2 ^ah J\ (1 44)^¥EH £J*!& IVH2I EOI ^EHM(q ST1 ~ q STNB )§01|AH &M0| Hl^ 
EOI *1EH 4=(N ST )E^°J EOI ^JEHMS EOI ^EHM^ OI^CHSi % ^1 EH MM &m.m EOI ^EHM(Q 

ST )^AH i^W, HI2 ^^^|(144)^¥EH £l^& N B ^H°J EOI H^M(\ ST1 ~ A. STNB )eoil AH SM0| Hl^^! ^m. &J\ ^1 EH 4=(N ST ) 

e^sj e^i n^^ii tmzm bj\ n^m^ oi^chsi e^i h^^m(a st )^ah s^ekhm54 e^d. 

m&, HI44 E^I^OII, BJ\ §^(Q ST ^ A ST )2h SOI §^(Q LT ^ A LT ) S ^1X1^(10)°^ 7-II&AI 3\J\ Oil ^Ihth 

7-11^ °j-g|l4 CH^|0|(60)M ^IXI^(10)o^ 2^^EKHI46 E^l). HI 46 EMIS 4=^6^1 ¥1 SH, ?-ll&¥(76), XH^ 

?-ll&¥(78) ^ S&¥(82)^h □h^sJEK 01^1 AH, ^^¥(76)^ EOI §M 2§¥(74)^¥EH £J ^ E^l §S(Q SI ^ A ST )M b|^ 

HM ^§ AIZJ- E^l^ ^11 31h¥(82)^ #^^EK XH^ ?-ll^¥(78)^ SOI §S ^§¥(72)^¥EH ^J^^ SOI 
iS(Q LT ^ A LT )M b|M SMI!, b|M HI 2 ^§ A| &¥l^ 3&¥(82)^ #^t^EK 01 IH, H1 1 ^3 AIZ^B HI 2 ^§ 

AlZtaa ^jEK Oj|g IS, HI 2 r^S A|Z_^ H1 1 ^§ A| Zl"2| 1 0dH § 4= &Eh 0| 3?, EO| S3S01I oH &6|-^ 10^H2J bl^^h ?-JI&¥ 
(76)^¥EH ^^¥(82)^ #^£|^ §^ SOI ^MQ\\ 6H&8fe °h ^H2J bl^^OI XH^ ?-ll^¥(78)^¥EH Mm. 3&¥(82)^ S^^EK 

[CI- E|- AH , EO| iSb SOI §aSEh H^o^ ^1^ S&¥(82)^ 2^ h § 4= 21 Eh 0| IH, a]^ ^^¥(82)^ 7-11 &¥(76)^¥EH ^J^°h EO| 
XH^ ?-IIS!-¥(78)^¥EH ^J^°h SOI iSi Qmmm^l, Efglf^l ill 7-II^AI 3PI Oil 7-II& <M^^AH E^IU OH &]|0| (60)S 

#^thEK 01 IH, 2} a\U CH^|0|(60)^ ^^£1^ 7-11 ^ <M<1^ ^1X1^(10)^^ 2^@EK 

mm, ¥ m^0\\ SjmS, HM, HI2, ... SE^ HIX 01 = ^(20, 22, ... SE^ 24)^ £ 401l SA|@ UtZt SOI, 6"^ ^^l¥(80)M EH D^m h 4=£ 
2IEK 01^1 AH, HI 40 ~ HI 46 E^IMOI 4^S£|^ ME^2J 0\± AISOilAH, tim. ^^¥(80)^ E^IU CH EHI0|(60)S mm 4=^£IH, J\ XI ^(1 0)011 AH 
xHEI^l 2§ ME| xH^ <M^M^¥EH £!£H3 ^§ ME| ^ ^111 M^am, ^^^! 2§ ME| xH^ ^mM(DPCH')g 

0\m, £ 1011 £AI3 ^1X1^(10)^ £ 2011 £A|3 HI32 E^IOII Q\m ^ ^SOII SJfh ^AIOIIMM ^¥^! S^^OI ^0| 

£ 11^ £ 2011 £A|@ HI 32 E^IOII Q\m ^ ^§011 9\m ^A|01I(32A)M ^S60l ^Ith M^^Xh^^AH, SOI ^ EOI gati 

OlgehOI &m ME| XH^ ^^M(DPCH)M xH El 61- ^ E^I(HM60 ~ H1 1 66 E^IM) ^ 52.^2^ XHEI^! 2f MEI XH^ £!^M01I 

Fi^^^ Ajifi ^^Ah6^ E^I(HI168 E^l)^ OI^CHSIEK 

£ 12^ £ 1011 £A|@ ^IXI^(10)2J ^ ^§011 2J°h ^ ^A|0]|£J M^jS^AH, IS ^¥(170), bHI 0| A| ^(basis) ^^¥(172), 0|^ 
^§¥(174), bllOIAI^: ^lEH ^§¥(176), ^h^¥(178) ^ &h Ell U- CH BHI 0| (1 80)^ ^££!Ch 

£ 12011 £A|^1 ohEim CH 51101(180)^ BD}\2\ ^ai oj- Ell L_h ( 1 82, 184, ... ^ 186)« ^H, H1 1 , HI2, ... SE^ HIX 0| = ^(20, 22, ... SE^ 
24)o^^EH 7-II& ±\m.m ^S(uplink) 2§ MEI HICH xH ^(DPCCH:Dedicate Physical Control CHanneDS mm 4^Ajam, 

S^og aj^ xHE|@ 2g ^E| xH^ Aj^g^ ul-^5^ Aj^gg HM, HI 2, ... EE^ HIX 0|=^(20, 22, ... EE^ 24)^^ ^aj^EK 

0| IH, HI 30 E^I^OII, §^ ^^¥(170)^ E^EIIU CH EHI 01 (1 80)S mm 4=aj^ ?HI& aj^^^eH SO I ^ EO| §^11 ^^imil, ^^!@ 
SOI ^ EOI §^11 bHI 01 A| §S ^^¥(172)^ #^^EKHI160 E^l). OPIAH, £ 4011 £A|3 ^ XH^ ?-JI&¥M(76 ^ 78)011 2\m 

SOI §Sb XH^o^ EOI §Sb H^o^ ai^ S&¥(82)^¥EH S^SPI IH^OII, §S M^!¥(1 70)011 AH ^£|^= SOI 

i^b XH^o^ ^^£|H EOI §te ^3 Eh 

H1 1 60 E^I^OII, bHI 01 A| §S ^^¥(172)^ §S ^^!¥(1 70)011 AH ^3 SOI ^ EOI §SM^¥EH bllOIAI^ §S2J bllOIAI^ 
^IEHM(Q)^ mo\A\± StS(A)S ^Aj£j fllOIAI^ ^M(A)^¥EH 0|^^M(P 1/2 )M ^^mffl, 0|^^M(P 1/2 )M 0|^ 5g¥ 

(174)^ mm, ^Ajsj yj|0|A|^: ^EHM(Q)M bj|0|A|^ ^ EH ^g¥(176)^ #^°hEKHI162 E^l). CM ^ I AH , Bx N ST 

tygOIH, A^ N ST xN ST SgOIEK 

0|8K £ 11011 £A|@ H1 1 62 E^l ^ £ 12011 £A|£! bHI 0| A| IS ^^¥(172)2J ^ CHI 2|& ^AlOIIMg §¥i £311 S h Sm01 
El-sHh ^ h 0| ^§^EK 

£ 13^ £ 11011 £A|@ H1 1 62 E^IOII GHfh ^ CHI ^ ^A| Oil ( 162 A) M ^SBOI ¥l^ M^Xh^AH, SOI EOI 

§SI ^Ah^h ^3^¥EH bHI 0| A| ^ ^EHM(Q)^ 0|^^tM(P 1/2 )M E^I(HI200 ~ HI 206 &7\\W)^ OI^CHSIEK 

£ 14^ £ 12011 £A|^! bHI 01 A| ^ §a ^^¥(172)2J ^ ^§011 ^ A| 011(1 72A)SJ M^IS^AH, H1 1 ^A_h^(210), HI 2 ^A_h^(212), 
HI 3 ^ah }|Ah^(2l4) ^ 2^ 1T&¥(216)^ ^P^^IEK 
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HI 1 60 BJII^OII, XH1 1 £^¥(210fe MH¥(1 70)011 AH £P| 3S2I- EPI L[i 4=^*1 42h ^ h 0| g^O, 3j» 

(W")M 4=61 AH^ S}g QH^^AH HI 2 ££h¥(212)S S^!thEKHI200 OPIAH, 4=2 AH^ ^£ DH^^(W H te Bx|\J ST »B0|Q. 

H_ f f 1/2 f f 1/2 

W — Q LT A LT Q ST ST 

Ol ^| AH , Q LT '2|- A LT '^ §S ^¥(170)011 AH ^9 §P| SM^AH, Q LT '^ ^3 ^Sth £P| ^JElll UEUHffl BxN B I»ii0|I2, A 
LT '^ ^3 SOI i^^ii UEKHffl N B xN B S^OIH, Q ST '2h A ST '^ §S ^¥(170)011 AH ^9 &J\ SS^AH, Q ST '^ ^3 

^Sth BJI *]E111 UEhLHffl N B xN ST S^OI A ST '^ ^3 ^m.m EPI i^^ii ^ UEUHffl N ST xN ST S^OICh 

XHI200 EKJI^OII, HI 2 £2¥(212fe H1 1 £2¥(21 0)0llAl £2£! 4=61 AH^ DH^^! ^(W H )^¥EH 01 ^ CHI BH&6fe 

AO I #3 DH^^^(R')M EhM 4=^*! 521- ^01 ^8KQ, ^PSH2 SHlKR 1 )* HI 3 ^ ^^¥(214)^ #^°hEh(HI202 EKffl). OPIAH, API 

DH^rMR'fe BxB tygOIEK 

5 

R - W H W 

HI 202 &^l*01l, HI 3 3I2¥(214)^ API #3 DHM^(R')£F ^3 EPI §S ^, EPI H^1(A ST ') £= 4^S& 

EPI ^EH1(Q ST ')^¥EI £A| *]E11 ^, mo\M± ^IEHM(Q)^ £A| H^^M m, mo\M± ^ h l(A)l ^J^W, 

£!£J£! bHIOl Alr^ ^EHM(Q)Hf bHI 01 A| ^ ^H(A)I§ WIOI A|± §S^AH #^thEKHI204 E^l). 

01 £ 13011 EAm HI 204 B^l ^ £ 14011 £A|£1 HI 3 312(214)2] ^ CHI 2|ff 41AI0II11 §¥3 £311 S^^OI 

^§1 ^01 ^SthCh 

£ 15*= £ 13011 £A|£! HI204 E^IOII CHf_h ^ g*9 0|| 2ie ^ A| Oil (204A)g ^§6PI ?|°h M^xh^AH, ^A| ^EHM^ 4:A| 

5^^1i ^lEHM^ ^SEh ^11 £M IS ^, bHI 01 A| ^ SS^AH 2^mb: E+ 31 (HI 220 ~ HI 224 B3I1)^ 0|^CH2Eh 

£ 16^ £ 15011 £A|£1 ^A|01I(204A)« 4IBfb £ 14011 £A|£1 HI 3 M^j 3I2¥(214)2J ^ CHI 2ie ^ ^A|01l 

(214A)2J M^£^AH, HI 3 ¥^PI(230), *!EI4= ^^^1 (232) ^ HI 3 £1^1(234)^ ^P^^EK 

£IAH, HI 202 &3I^01I, HI 3 ^^1^1(230)^ HI 2 ^^¥(212)^¥E1 £J ^ API 4^ Dll^^l ^(R')^¥E1 ^^SOII 
2J^moi B^H2J ^A| ^]EHM(q 1 ~ q B )^ B^H2J £A| H^^K^ ~ X B )M B^H2J ^A| ^IEHS(q 1 ~ q B )^ ^^^! 

B^H2J ^A| Jl^miX, ~ K B )M HI3 ^eh^|( 2 34)^ S^^EKHI220 BD\\). 

HI 220 &3I^01I, £ 16011 £A|£1 dh£h ^0| ^ BH 4= ^£PI(232fe §S ^^¥(170)^¥EH ^j^th ^^th E.PI H^^M(A ST ')^^¥BI 
E.OI ^EH 4=(N ST )S ^ehffl, ^^13 ^EH 4=(N ST )M HI 3 61^^1(234)^ #^tl"EKHI222 B3I). 0| IH, £ 

16011 £A|^1 bhSh ^EH 4= ^^1^1(232)^ §S ^^1¥(1 70)^¥EH ^ & &PI EH M(Q ST ')^¥EH ^m. &J\ ^]EH 4= 

(N ST » 4=£ 2^EK 

HI 222 &3l^0il, HI 3 <y^^l(234)^ HI 3 J\ (230)^¥EH ^J^°h B^H2J £A| ^EHM(q 1 ~ q B )^01IAH SgOl Hl^^l 

&.OI ^Ei 4=(N ST )&tM£| ^A| ^EHMg 61^6^, HI 3 ^^j^l(230)^¥EI B^H2J ^A| Jl^miX, ~ A B )§01IAH SMOI 

Hl>i^ E.PI ^Li EH 4=(N ST )°te2J ^A| i^^ll £1^6^, tt<=»^ ^A| ^EIM^ 0|^CH£1 ^ ^lEIMM ^sth ^A| 

^lElS ^, bHIOl A|r±i ^1EHS(Q)^AH t^O, ^l^^l ^A| H^^S^ 0|^Oi£! C«^ill ^A| H^^M ^, bllOIAI^ ^S(A)^AH 

#^thEKHI224 &3I). 

^ CHI 2J6^, £ 15011 £A|£! b|-2f BB| ( HI220 &3l2h HI222 &3I^ ^A|01l 4=1^^ 4=£ 20, HI222 &3Ph HI220 &3iaCF °jXH 
4=ty§ 4=£ 2IEK 

t.^, HI 204 B^OII, 2^ &&¥(216)^ HI 3 3I^¥(21 4)^¥EH ^J^^ tij|0| A|^ ^S(A)^ 61^ CH &Mb| (SNR:Signal to 

Noise Ratiom 0\mmo\ bIMM ^miQ, ^1X1^(10)011 # 1T& blMS Olg^OI xH^^^ t&BU, ill 

0|^^M(P 1/2 )^AH 0|^ ^§¥(174)^ #^^EKHI206 &3I). 0| IH, 2^ &&¥(216)^ bHIOl A| ^M(A)^ Qj &Mb|^¥EH ?-l Ei 
(Water Filling)S01l 2\JimW m& bIMM 4= 2^E|-. 01^1 AH, ¥-1 EH ^^(Water Filling)^ "Digital baseband transmission and 

recording 1 ^! Efe Hl^^^ ' Jan WM Bergmans'OII AH#£|H £.±m Boston) Oil ¥1 X\ m KLUWER ACADEMIC «&Ah01l 2\m 

1996^£01l m^}^ ^011 JHA|£|CH □ SMbl^ £ 14011 £AI3 UtZt 2J¥^¥E1 S^£| Al a h H 2^ S"&¥(21 6)011 

□ IEI AH&£I^U, £ 14011 EAIi dhSh &BI 2J¥^¥EH 4=£ 21 EK 

th^, H1 1 62 EPII^OII, 01^ ^§¥(174)^ tHIOIAI^ ^^¥(172)^¥EH ^J^^ 0|^^M(P 1/2 )01I ^^^01 2§ ME| xH^ 61^M 
(DPCH)ZtHJ 2§ ME| xH ^ ^111 bHI 0| A| ^1 EH ^§¥(176)^ #^^EKHI164 &^l). 

0|6K £ 11011 £A|@ H1 1 64 E^|2J ^ ^§011 2Jth ^A|0j|« §¥^ ESI &S6h01 Lfgl ^0| ^SthEK 
£ 17^ £ 11011 £A|^! HI164 E^IOII Q\m ^ ^S0|| ^ A| Oil (1 64A)« ^SSPI ?l& M^^A^^AH, 3§ MB| ^ ^l^M 

(DPCH)°J xh4=, §J B^IM E^I(HI240 &^l) ^ 5i@ 21 ME| ^ 2111 ^2 ^ ^B^isfb 

E^l)^ 0|^CH2EK 

£ 17S 1^5^, H1 1 62 E^I^OII, 2§ ME| xH ^ 2H(DPCH)SJ S5 xh4=, ¥11H ^ 3^IS ^§thEKHI240 E^l). 
Oim, £ 17011 £A|£! HI240 ^ £ 12011 EAIi 0|^ ^§¥(174)SJ ^ ^SOll 2\m ^AIOIUS ^¥^1 £211 S^^CN 
^01 ^SthEK 

£ 18^ £ 17011 £AI3 HI240 &3I01I ^ &S01I ^ A| Oil (240A)M ^S6h^| M^^AhM^AH, 0|^^1^¥EH 3^ 
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X^MQil DJBI- DPCHM om&m^t s<^m= B3KJII250 ~ HI254 E^IS)^ 0|^OH£!Eh 

£ 19^ £ 12011 £A|3 0|§= 5§¥(174)2J ^ US Oil 2|& HF&5|& gj *J A|G||(1 74A)2| M^S^AH, HI 0) ¥(260). P^K P 2 » ( ... » P 
NST x|- S5¥M(262, 264, ... ^ 266), HI1, HI2, ... ^ »IN OT ££PIS(270. 272, ... ^ 274) ^ HIN ST +1 ££PI(280)S 

HI 1 62 EKfll^OII, HICH¥(260)^ tHI 0| A| ^ §S ¥(1 72)^¥EI gJ^S- 0|^&S(P 1/Z )S OlgShOJ P t » ^5¥, P 2 xh S5¥, ... ^ P 
NST x|- *!5¥(262, 264, ... 3! 266)2J *!5 xi^ii ^§ td 1 31 CHI 2JBH ^1^2, 31^3 *!5 xi^il P,» S5¥(262), P 2 » S5¥ 
(264), ... §J P NST xh *!5¥(266)^ ^ #^EKHI250 EKffl). 01^1 AH, HICH¥(260)^ 0|^3tS(P 1/z )S PBH XHUH£ 
SAF6H2, ^ XH ^ CHI 1T&3 B J I Oil dIBIIShOl ^ xH^2J 35 Xt^m ggthDh ^, HIOi¥(260fe ^hS" m S^iTM ttgmg xH ^ CHI 

Dtm m ^5 easna, ^ si^^g n-&^^ xw^ow *f4=m m^ma. 

HI250 &JU^O\\, P,X[ £5¥(262), P 2 X[ *!5¥(264), ... ^ P NST xh *!5¥(266)^ 3§ Mil £!SS(DPCH)S HI 01 ¥(260) ^¥ EH 
oj^fh 35 xh4=MOII DJ£|- P^K P 2 », ... ^ P NST xh f-IHEH^i *m 35(QAM:Quadrature Amplitude Modulation) 353 ill! 

MM. HI2, ... ^ »IN OT ^^l«(270 i 272, ... ^ 274)^ «^eQ(fll252 B3I). OUIAH, P,», P 2 », ... ^ P NST x|- 35¥M(262, 264, ... 
§J 266)^ 35 ^ 3 9 (AMC: Adaptive modulation and coding)S01l 9\m DPCHM S5i 4= MO. 01JIAH, AMC^r "Variable-Rate 
Variable-Power MQAM for Fading Channels" 01 Efe Hl^^^ IEEE Trans. On Communications vol. 45, No. 1 0CHI /H 'A. Goldsmith 1 21- 'S. 
Chua'OII 9\m 1 997.1 OSOII ^°0|| JHA|£|CH HQ. 

HI 252 EWI^OII, HI1 , HI2, ... ^ HI N ST ££K?IS(270. 272, ... ^ 274)^ P^h P 2 », ... ^ P NST ^ 35¥M(262, 264, ... 3! 266)011 AH 
353 ajltfij)} 0|^S(P 1/2 )g g^sf^, ^3 HIN ST +1 ^Jl(280)^ «§j&CK*ll254 E+^l). 

&E, £ 17S HI240 EKffl^M, HIN ST +1 ££K?|(280fe HI1, HI2, ... ^ HIN ST ££PI S(270, 272, ... ^ 274)0|| AH ^3 

Sj^SS 5B^M/5^I ^(scramble/spread) ^IS^M^I- g^H, ^3 5§3 BJIM ^ 2§ M ELI XW^ M^.m^M tHI0|A|5 

^EH ^§¥(176)^ #^&Ah OUT1M P§H #^EKHI242 &^l). OI^IAH, 5B^M/5^^|^ >i]^^M0|^, 5B^M <M S S (C sc ) 121- 
5H^I^ <M^^(C sp )g aa(C ap Cj» 2JD|6hffl, £ 12011 £AI3 U[S\ 901 2J¥^¥EI ^J^£|^ CH<M0II 01^ 5§¥(174)0|| D|B| 

^£ 20, £ 12011 £AI3 bhSh ^E| 2J¥^¥EI 4=£ 2iEK 

^ ^SOII 2161-3, £ 19011 £AI3 01^ 5§¥(174A)^ HIN ST +1 ^^.^l(280)S ^ oi[!K HI 242 B^IPF 

□|-^£|AI & h M 3?, ^, 01^ 5§¥(174A)^|- HIN ST +1 ^^^l(280)g DhS ohXI Stm 3?, H1 1 , HI2, ... ^ HIN ST ^^^IM(270, 272, ... ^ 
274)0||AH 3^M0| 533 HJ|g 2§ MEI %m ^l^M^AH b||0|A|5 ^ EH ^jg¥(176)^ #^3EK 

H1 1 64 E^I^OII, HII0IAI5 ^ EH ^^¥(176)^ 0|= 5§¥(174)^¥EI ^J^& 5§3 B^IM ^ 2§ MEI XH^ ^i" SS01I b||0|A|5 
§^ ^^¥(172)^¥EI ^J^& b||0|A|5 *]ElS(Q)g ^§6^1, ^jg3 ^3|-M 52.^2^ xHE|3 2§ ME| XH^ ^imS^AH J^¥(178)^ 
• 3IBCKM166 E^l). 

£ 20^ £ 12011 £A|3 b||0|A|5 ffl|H ^§¥(176)3 ^ UaOII 2J§h ^ A| 0j|(1 76A)2J M^1£^AH, HIN ST +2 ^^1(300)^ ^P^3EK 

hi 1 66 BD\\m ^mmj\ ¥i m, wiioiai5 ^ei ^g¥d76A)2j hin st +2 ^:>i(300fe oi= 5§¥d74)^¥Ei s^&xh IN2S mm 

oi^3h b^IS N ST ^H2J 2§ MEI XH^ <M^M(i)0|| b||0|A|5 §S ^^¥(172)^¥EI ^J^^ bj|0|A|5 *]E1M(Q)M Qm 

6^ ^0| g^M, ^Ah£j El 3 2§ MEI XH U ^^^(o)^AH e^BXI- OUT2M ^h^¥(178)^ W^mQ. 

o=Qi 

oi ^ i ah , am 731- ^01 s^an, \^ am 8^ ^ h oi s^3ek 

o=[o : o 2 • • • o B ] 

^^ai a 

i = [!i i 2 • • ' i N J 

HI166 B^I^OII, ^h^¥(178)^ b||0|A|5 EH ^g¥(176)^¥EI xHE|3 2§ ME| XW^ ttm.mo\\ IN1S 

SuH EI-^5^ ^lll^lk), P 2 (k), P 3 (k), ... §J P B (k)]S ^^M, ^^^3 ^61 ^EIIUS ^EIIU OH ailO|(180)M 
SuH HM, HI2, ... §J HIX 0| = ^(20, 22, ... SE^ 24)^^ a*&P-(flM68 E^l). 

HM68 &n\m $\m, ^^¥(178)^ bj\\9\ j[^j\m(u\^M)m nt&m ^ zjlq. o\j\m, ^ d[&d\w\ElM)^ mo\M± ^ei 

3§¥(176)^¥EI X\ E| 3 6H&6fe 2§ ME| XH^ <^^0|| BH&6fe H^5^ dlilP^k), P 2 (k), P 3 (k), ... ^ P B (k)]S 

^l-^am, J^3 ^^S &HIU Oi&IIO|(180)2J 6H&o^ £M &Hm(182 f 184, ... SE^ 186)^ S^thEK £M °hEII U-(1 82, 184, ... SE^ 
186)^ ^h^¥(178)°J 5H&6^ J^|(D|£A|)0UH DtttB 6H&6fe 0|=^(20, 22, ... SE^ 24)^^ 2^thEK 

ate* £ ioii £Ai3 ^ixi^doja HI32 » ^sj ^ aioiis^ sab 01^^(10)^ HI30 b^i ^ nsj ^aioiimoii ^ean ar^oj, 

SAB bhSI- &0| SOI ^ B^l ^y^mCM 7-II& ^IAI^(10)o^ 4^ on^ OI^^M ¥l BH AH £ ^§1 4= 9JLQ. 

01^ oil ah m&m bhsh ^01, ^ ^-goii 2\m ^/^M am &a\am s&m^ 01= m±i &x\ ^ szt xh^sj ei-s ^stf 

9" J I ^ EOI 0IM^^^¥EI ^1 Al^o^ ?-ll&A|?|H^, ^ Slfg s|5sfA|^ 4= 2iM ^3 OhUEF 2^ PI 01 Eh ^ 
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(throughput)g 2|CH&A|3|ffl mm M0\%2\ <*mm EH^ S±»AIIJ 4= 91^ 111 ^^tt. 

C57) m^m mm 
s^s 1. 

J\X\^ ^ OIM^S S^m^ OIS S^j gxlOll AH , 

*!CH£ £<M &EIIU« Sfe 40| JIXI^ 4^& ^^^¥9 40| ^ Ef^l ^iO, ^^^l 40| §P| ^ 6PI 

EPI §^S^¥EH ^^e!- tHI 0| A| ^ §JiS 0ISWO1 2§ M EL| xH^ ^lii 52.^2^ xH £| 61-11, 4J| SZ_h3|os *HE|@ S12f H^5^ 
^llli SIS 401 Ol^^o^ ^^mffl, 

*!CH£ ohUHl 4=<M ^br 4^1 OIM^P: 4 J I J|Xl^o^¥EH 401 II|-iJ^M <M^e^¥EH 4^1 £M ^ 4^1 4=<M 

oi-am^ mif xh^sj rn^ow aiaafe xhi 1 ^4im 401 hm ^4jm ^sshoi &d\ 401 a 401 &ji §a§§ ism, iii 

401 401 §j 401 epi §sh 401 ^ ai^^ s^moi 401 ^1x1^0^ sgau, 

40I 40I §Sb 40I ^JEHMl 4^1 H^^ii 4^1 EPI 3Sb E+JI ^EHMHI- 

epi ^g^n sste ^/4=aj m ei-aius s&ufb o\m m±i sx\. 

S^PS 2. 

HM SOll &CHAH, 40I OlS^g 

mj\ ^aj oi-eiilJ-SOII Ai 4=aj@ 40| £!SSS¥H 40| HM 40| XH1 1 m&2.^¥E\ HI 2 m^m 

40| XH^ ^§¥^¥EH 40 1 -go^¥EI mj\ © a& xp| ^i Eiii mj\ © ae &: >| ]]o^ ii 

40 1 xH^ m& =i¥^¥9 gJSJ& 40| 40| 40| 3S^¥EH 4^1 SSS EPI US H|EIBj» 4^1 gl^ E+^l 
Sifb EK?| §a li¥; 

40| EPI S4J¥^¥EH 4^1 EPI b|^ b|^ HM ^§ AlZt t^6fb ?-ll&¥; 

40| 40| §a S§¥^¥EH 4^| 40| 1^1 b|^ ^OTH, b|^ SIS HI 2 AlZt EtflS t^^b AH^t tNI&¥: 

£! 

4^1 ?-ll&¥^¥9 4^1 EPI 4^1 AH^ ?-ll&¥^¥EH 4^1 SD\ gat QglFSUl, DFglFS SIS 401 

?-ii & ai^^ah 401 4=<m ei-aiu-s^ s^¥i ^bism, 

401 M2 401 ^ 401 4=^ ^91 ai-tf xw^s] ^ai 4^ ^^oii oH&mn, 401 4=<y e^am^ 401 ?-ii& <m^s 4^1 

^lAl^o^ 2^0, 40I XI1 1 ±m AIZ^B 40 1 HI 2 ^§ AlZtSEh 5!M ^/4=<M tlfi °^IUS OIM S<M 

S^PS 3. 

»I2 SOll ^CHAH, 40| 0|=^^ 

40 1 4=£! ^HIUMOII/d 4=^^ 40| SZt^o^ ^ H£ |£j ^3h^¥EI 4^1 2§ ME| xH^ A J11§ ^^!^! 4^1 2§ MEI XH^ 

^iiii #^6hb ai^ ^¥i eh ^pbimb m^°^ ^/4=<m che e^ms s^b 01= e<M sxi. 

S^PS 4. 

SI 2 S01I 2ICHAH, 40| 40| IS ll¥b 

40| XWm m£ ^§¥^¥EH S^tl- 4^1 HI 2 ^4!S ¥^M, ¥^!^! SIS HI 3 m£°^-M m^m^ ¥^l¥; ^ 

40| HI3 ^^o^ ¥B1 no «Aj aoi | oj^^oi 40| 40| ^EHM ^ 4^1 4^1 2^11 ^^Sfe HM 

}|Ai¥S ^biam, 

40| HI 3 40| ^aj ^ Ah^| 4= ai ohgiL^ 4^1 4^ ^^011 oH&6fe 6fe Qls ^EIIUS 

S^Sfb 01= §ai 

S^S 5. 

HI4 mo\\ ?JL0\M, &D\ HM t^M 

4^1 ¥^!¥^¥EH ^J^^ 401 HI 3 ^^2^¥Ei 4^1 M^SOll 2J^6h01 401 EH S HI- 4^1 H°^ii ^J^^OI 

HM ^aj^I; 

HM ^§ S^II^M 5l5fb 4^1 4^1 H^^SSJ ^H4=S SIS 401 U°- ^ EH 4=^ AH HM ^1 EH 4= 

40I HM ^^^l^¥EH ^J^th 40| 40| ^EHM ^ 4^1 401 H^^MeollAl. 4^1 401 ^EH 4=B_^2J &M0| 
HI^H^! 40| 40I ^1 EH Ml Bmo\ HI^H^! 401 401 2^11 AjEH^Oj 401 ^sth 4^1 ^EHM ^ 4^1 ^sth 401 

n&&m^M ^ m^m^ hm Aj^^i^ ^bimn, 

401 hm ±^ a^iiae 401 Hi3 -^011 ^xn^b assi hjis s\nm^ »t £/4=aj aau« sssfb ois 
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S^P9 6. 

H12 mm £Ichah, 401 eoi §a 

401 xm m& ^*j¥^.¥a zmm 401 hi 2 mtm 401 soi sis^¥ei hk m^m aaahoi eoi 4^ £!4]¥; ^ 

40| HI4 ^^o^ ¥B1 jio -A^aoji oj^ mo j Ah^| © ae ^BHM^ 40| Sfi& EO| H^^K £S£!SK>I HI 2 

401 HI 4 4tD\ £4! 91 4tl\ Ch» xH^3 EO| m&0\\ SH&afe 3!g ^3°^ 5fe ^/^aj Cfi &EIIU« 

sewfe oi= mM g-a. 

S?9 7. 

HI 6 S-Oil &0UH, 401 HI 2 ^ah }|Ai¥ = 

401 EOI 4^ ^4! £!£l¥^¥El 21 ^th 401 HI 4 ^4|o^ ¥E | #21 S CHI S\D\*10\ EOI ^EIM^ EOI ^g^ii 

»«8K>i HI 2 S*|3|; 

HI 2 S^IStg 401 EOI ZQ^g^SI ^ H4=M ^iO, ±32\ mU\ EOI *]EH 4=^¥E1 

eoi t*!Ei4=M mmmo\ m^m^ hi 2 ^eh 4= 3|a_oi; ^ 

HI 2 g*!:>|S¥EI EOI ^EHM ^ 401 EOI HS&SSOII/d, 401 EOI EH 4=E^2J &M0I 

hi^^! 401 eoi ^las^ smoi hi^3 401 eoi 2^11 -^moi 401 &m.m eoi ^ehm ^ 401 «ae eoi 
401 hi 2 ^§ senate 401 hi 4 m&o\\ ^xm^ &ssi B^ig sidis^ m^9.^ »^ £/4=aj m e^iu-m sssfb 01= 

gAj S». 

S^P9 8. 

HI1 9 Oil &0UH, 40| DIXIES 

40| ^A] E^ILH mm 4=AJ£! 40| 7-II& A]m^¥Ei 40| SO I ^ 40| EOI 40| SOI ^ 40| EOI 

sail §a ^¥; 

40| SOI ^ SO I EOI §^M^¥EI bHI 0| A| ^ tH|0| A| ±^ *±jEHM^ tHI 0| A| ^ ^li M^^H, 40| bHI 0| A| ^ 

&m^¥B om&mm ^^m^ tnioiAi^ §a ^y^¥; 

401 oi^^schi &mm<x 401 21 §bi xh^ tim.m^ b^is sih 01^ ^§¥; 

40I 01^ S§¥^¥EH ^m0\\ SOI tHI 01 A| ^ ^ EH HM ^J2|-M 401 xH&m 

^ih^AH bHI 01 A| ^EH ^m^', ^ 

401 szi-^o^ xhbi@ 25K)ii 401 ni-iJ^ ^iii ^^n, ^i-Aj-3 in ^^¥1 ^bimn, 

S^PS 9. 

HI8 9011 21CHAH, mioiAl^ §S ^Aj ¥ ^ 

40| SOI ^ £6imn, ^A_h£j S^m^ HM ^^¥; 

40| HM s^¥0IIA| ^^ ¥E1 XPI 4^ DH^^I^M ^11^^12, 401 XPI 4^ DH^^I^M #^ofe HI 2 ^^¥; 

401 HI 2 ^£j-¥^¥El 401 XOI 4^ Oil^^ 40| EO| §S^¥EH ^A| ^EHS^f £A| 

n^^ss ^^o, 401 ^ai ^eim^ 401 ^ai 401 huoiai^ ^ehm ^ 401 huoiai^ ^m^ah 

^ mmm^ hi 3 ^A_h ¥; ^ 

40| HI3 ^|A_h¥^¥EH S^th 401 tHI 01 A| ^ aj^ □ &Mb|^¥EH dIMS ^11^12, m B^m 401 b| «Q1I 

s\m xw^m^ t&Bfi, inn 401 oi^s^ah #^m^ t&¥i ^dim^ ^/4=aj am e^ius 

o\m mM sxi. 

s^s 10. 

HI9 9 Oil ^OiAH, 40I HM 

40I SOI ^ ^^j^! 40| EOI 0h£HS|- ^0| ^A_ham, ^Ah^j ^UKW H )M 40| HI 2 ^A_h ¥ ^ "32^ 

ah^ ^/4=aj am e^ium S98fe oim §xi. 

H_ f f 1/2 r f 1/2 

W — Q LT A LT Q ST ^ ST 

{0\D\M, Q LT '2h A LT '^ 401 SOI SIS^AH, Q LT '^ 40| SOI ^EIMM UEHJH, A LT '^ 40| 

SOI H^^SS UEFLHH, Q ST 'Sh A ST '= ^^1^! 401 EO| SS^AH, Q ST '= 401 ^mth EO| ^lEHMM UEHJH, A ST '= 

401 ^^th EO| Jl^mm ^ UEhtHEK) 

S?9 11. 

HI9 9011 9X0\M, 401 HI3 ^ 
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4^1 fl|2 ^^¥^¥EH 4J| XPI 4^ OH^^¥EI a CHI SJZH 61-01 £A\ ^IE1S^ £A| H^Ii £Ji£mO| 

Ah^| §^ M^l¥^¥9 gl^eh 4^1 EM>| 3^^¥EI EPI ^IEH4=S MSSWffl. ^m. &J\ *]EI4=S 

eh 4= m^pi; ^ 

4^1 ^J|^¥EI 4^1 £A| *]EIS §J 4JI £A| H^M^OU/d, #21 EPI ^ BH 4=&m°J 

SMOI 40I ^A| ^IE1M^ SMOI Hl^3 40I £rA| Jl^^ii ^^ahCN 4JI bHIOl A| =^ *]EHS §J 4JI bHIOl A| =^ &m^M ^ 

m^m^ xii 3 ^jim ^biafe 8te cn e*aiu« seafe o\m m±i mx\. 

S^S 12. 

HI9 mo\\ ?JLO\M, &J\ &m m^¥^ 

?-IEI (Water Fillina) S CHI >| ai-Oj 40| tHIOIAI^ &mUt 4PI £ls CH SMb|^¥EH 4PI »9 bIMM 5iM 5fe 

Eh§ ^9IUS St^fe 01= e^i S». 

S^PS 13. 

HI 8 S-CHI £10UH, 40| 0| = 

40| 0|^3tB£¥H £*j bd I Bil CHI 2J oH x^ii l^M, ^|Ah^j a^i ^ x|-4=Mg #^6fe HICH¥; 
40| 3§ 8BI XH^ ^111 4J| HIOi¥^¥E1 gj^ie 4 J I »^B0|| #1^01 ££61-12, SSi liii P^K P 2 

XK ... ^ P NST xK01^|Al, N ST ^ BD\ *1EH 4=« SJDIthEK) a^i; ^ 

4JI P^K 4^1 P 2 aK ... ^ 4^1 P USJ X[ S^¥S^¥EH £J^& 401 ^^mi-l 4^1 OI^SS g^H, llii 4^1 

^^s^ah s^m^ an, H12, ... ^ xiiN ST ^^^iss ^Hiwt 3im m&2.^ am &a\um o\m m±i 

S^S 14. 

hi 13 mm 9Xo\m, 401 p,xt, 401 p 2 xk ... ^ 401 p nst ^ 401 2§ b eli Mm.mm xh4=soii &mmo\ 

m^iti y^m^ ^30^ 6^ El-e &hEIIUM s&m^ 01= S<M &xl. 

s^sr 15. 

H1 13 SOll SUCH AH , 40| 0|= 5i¥b 

4^1 HI1, 4^1 HI2, ... ^ 40| HIN ST ^iM-^IM^¥EH 401 ^ai-si ^i§§ ^3^M/^^^I^ ^Ah^j} ; ^Ah£j 

^^S 4^1 513 ^HhM^AH 40| tHI 01 A| *1EH ^|g¥^ HIN ST +1 EH ^Pd|6fe "S^ ufe Ehg 
etEilUM s&m^ 0|= P<M &X|. 

S^S 16. 

HI8 mo\\ 9XO\M, 40 1 tHIOl A|=^ ^ BH ^|g¥^ 

40I 0|^= S§¥^¥EH ^J^tl- 40 1 513 m^moW 40I bHI 01 A| ^ §S ^^¥^¥E1 4^1 bilOIAI^ El MS 

40I ^J^2^ xHEI^l ^H^AH #^5^ HIN ST +2 ^ Ah J IS ^d|5fe ^§2^ 5fe ^/4=^J ^ 

01= mM Sxl. 
S^PS 17. 

^CH£ 6I-U2J ^aj oh 9 | L ^ ^-^ ^IXI^Hh ^!CH£ o[US\ 4=61 &J-E1IL4-S i^^ 0|=^Z_K>1I i^Ji 4=1^6^ 01= ^ai *hgo|| o[CH AH , 

(a) 401 ^ai oj Ah^| >,Aj ohEim^ mif xms\ m&°\ hm ^S^OI 40I 0|=^0UH 401 ^ ek?i §an 401 

0|=^o^¥El 7-11 & 6J^^¥E1 ^^5^, ^^1^1 401 401 ^ 4^1 E^l gfiIS¥EI bi|0|A|^ iSf 01^5^01 ahs 

XH^ ^Itii xH EL| Sfll, 401 xH B| =1 H^5^ ^J^SS ^^^^01 4^1 0|=^o^ ^j^gf-^ E+^IM ^bimn, 

401 401 §Sb 401 ^EIS^ gitf 401 H^^SS 5^512, 4^1 B^l §Sb ^'EIS^ 

e.^i n^ss s&m^ 5is ^§2^ Ei-e ^eiius oigm^ 01= s<m ^a. 

S^S 18. 

HM7 SOll SUCH AH , &J\ 0|= gAj 

(b) 4^1 ^IXI^o^¥El 40| uh^^^ Aj^e^¥El 40| HM m^W 4^1 4^1 ^ 4^1 E^l 4^1 HM 
^4]o^¥E1 SSO, 1§9 401 4^1 ^ 401 E.^1 4^1 7-11 & aj^^ ^&6h01 4^1 ^IAI^^^ 2^61-^ E.^IS EH ^Pb|6fe 

6fe ^/4=^J Eh^ o^lUi Olgafe 01= pAj 

S^S 19. 

HM7 8T SE^ HM8 »0II 2ICHAH, 4^1 (a) 

(a1) 40I ^aj ^aiLH puH 40| ?-||^ aj^^^eH 40| 4^| ^ 40| B^l §SH B^l; 

(a2) 4^| 4^1 ^ ^^!^! 4^1 B^l 3SS^¥E1 bHI 01 A| bHI 01 A| ^lEIM^ tHI 01 A| ^ ^11 ^^O, 401 

bHi oi ai ^ &m^¥E\ om&mm ^o[^ &^i; 

(a3) 401 OI^^MM OlguhOI 401 21 MEI XH^ 4^^l B^IM Ei^l; 
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(a4) #71 mztmow 471 tHIOIAI^ *]EHSS ^gG^Jl, *Jg@ 4^1 ^HEI^I ^H^AH &3I; ^ 

(a5) 471 52.^2^ »E|@ 3 nihCHI 47| IIF8HS^ ^tll 7h^m0| 471 ££I &J- &HI Uf g^H 471 0|=^o^ 

^mwt 5iM 5 fe as ehEii u-a ois«^ ois m±i as. 

20. 

XI1 19 SOil 47| (a2 ) EP]|i= 

(a21) 47| (a1) 331*011, 47| 47| 91 ^3 #7| &7| ^a_^01 ^4 OHM^S ^Sfe B3I; 

(a22) 471 4=£J XW^ ^4 0HM^5¥E1 API 4^ DH^^I^S EKffl; 

(a23) 47 1 XPI 4^ CHI^^I^Sh 47| &7| §^¥9 £A| ^ ^\E\m ^ ^sth £rA| ^^11 ^4 61-01 471 
bHI 01 A| ^ ^EHM^f 471 tHI 01 A| t&MsLM iisfb &3I; ^ 

(a24) 471 bHi oi ai ^ &mi* Mm. □ &Mbi« oigehoi n-g- u\mm s 401 g-g- biee oigshoi niua^ t&em, 
mim 401 oi^ass/d sgem, 401 (a3) eais ehi« ^aiafe ^42^ ^ at ^aiu« oisafc 

01 = s-6! 

S^PS 21. 

XII 20 »OII 91 0\ M. 471 (a23) EWIfe 

40| (a22) E^I^Oil, 40| XtJ\ U\\^±^¥E\ ^ S Oil 217181-01 £A| ^lEHM^ £A| H^^Ii £!46fe EP1I; 

471 &7| 4S^¥EH &7| ^ BH MSWfe E^l; ^ 
£14^ 47| £A| ™\E\m ^ 47 1 £A| IQSatggOII/H. 4 J I ^m. &7| *iEI 4= EJM2I &MOI XIITI^! 40| £A| 

^lElS^ a^OI XII 71 @ 47| £A| ^^MShOl 40| bHI 0| A| ^ *]EIM ^ 47| bHI 0| A| ^ 3tSS/H ISBfb EP1IM ^b|8fe 3!M 

am ^ami oigefe 01= s^i ^m. 

22. 

XI1 19 SOil 2101 AH , 471 ( a3 ) g-^tlfc 

(a31) (a2) EKffl^OII. 47| OI^^SS 0|g8K>l 47 1 3§ 8BI xH^ £!«^goj a5 xh^, ^ 37IS sgaHH, 471 (a4) 

e^i^ e^is ^bisfe "§25 ^/4=<m e^ oi-aiuM oigm^ 01= pA] ^a. 

S^S 23. 

X1I22 SOil 2ICHAH, #7| (a3) EKfllfe 
(a32) 401 (a31) E^IOilAH 5§§ iHHi ^B^M/^^Bil^ ^^^MUf ^^6H2, 40| (a4) B^I5 E^IM EH ^b|8fe 

5fe ^/4=^ El-g o^EilUM Olgafe 0|= mM ^a. 

S^PS24. 

X1I22 SOil &CHAH, ( a31 ) 

40I (a2) E^I^Oil, 40I OI^^MS Olgmoi xf^ii b 191 Oil 21 oH ^o\±z E^l; 

401 S!I §£| XH^ ^llii 401 x^SOil 0>Ef B^l; ^ 

ah^i S^M^ 401 OI^MM 401 (a4) E^l^ E^lg ^b|6h^ ^/^^ DFg ^EilUM 

oigm^ oi= mM ^a. 

S^S25. 

XI1 19 SOil &CHAH, &J\ (a4) BSIfe 

4^1 (a3) E^IOilAH 40| 5§i ^ III- SOil &J\ bHI 0| A| ^ i|Elii ^ttm^L, ill S^2S xHEI^l 3 j2|-S/d 

£M (a5) B3IIS ^ISefe E^l« ^b|6fe 51 M ^S2S 6^ am BEIIUM Olgah^ 01= S^l »B. 

S^S 26. 

XI1 19 SOil &01AH, (b) B^llte 

(b1) E^EilUOilAH H^5^ ^i^S^¥EH XiM ^^1 40| Xil1 ^^1 Olgmoi X1I2 ^^1 

EMI; 

(b2) Xil2 ^^i OlgahOI &J\ ^ElSHh ^^l SOI U^^ii E^l; 

(b3) X1I2 &J\ lfi^9 4^1 ^ath E+71 ^EIMHF 47| B7| llsfb E^l; ^ 

(b4) 471 (b2) ^ 471 (b3) E^IOilAH 471 471 ^ 471 B7I §SH 471 7-11 & ^§6^, 471 7-JI& ai^M 471 

BEIIUM PBH 471 7|Al^o^ ^^afe E^IM ^bimn, 

471 XII2 471 ^A] ^ 471 4=<M BEIIU^ 5f|f XH^SJ ^A| 4^ ^4 Oil oH 5iS 6fe ^/^M am ^EilUM 

o\mm^ o\m m±i ^s. 

S^PS 27. 

X1I26 SOil SUCH AH , 471 (b) &J\\± 
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SOI 4 s £1 £}B\L}0\\M SOI *H£|£! ^H^¥EH SOI 2§ MB| *H ^ ^IIH E^l« CH ^dim^ 

ci-e eham« s&'-aF^ oie S£! s*i. 

S^S 28. 

& CHI SUCH AH , SOI (b2 ) E^l^ 
(b21) SOI (b1) EPII^Oll, SOI XHI2 m^m ¥^BQ, ¥^£! iHH XHI3 ^Sj^AH §J 

(b22) SOI XII 3 ^^o^¥EH &*aoll 9\D]*[0\ SO I SOI ^lEHS ^ SPI SSff &2| ^^O, SOI 

(b3) £!lH8fe ^b|6m, 

soi xhi3 soi §j soi 4=61 »» xh^2j soi rn^ow m&m^ efe ^/4=<m efp ei-aiuM 

oigm{= oi= mM 

s^sr 29. 

XII 28 mm 9X0\M, SOI (b22) 

SOI (b21) EKJI^OII. SOI HI3 ^S|o^¥El SOI ^SOII 21 21 01 SOI ^EHMHI- SOI 2^11 £HS!6fe EKffl: 

an s^i^e soi soi zas&ssi ^H4=s s^a soi ^ieh^ah iste &31; §j 

£!SJ£! SOI SOI ™E\m ^ SOI SOI ZElSaBSOIIAI. SOI SOI ^| EH ¥&tM2J &e0| Hl^ SOI SOI ^IEIMjII- 

&soi xii^^j soi soi £i«5hoi soi sse soi *iehm ^ soi sse soi zasatss/d iism, soi (b3) ewis 

soi nn ^si suiiae 401 hi 3 m&m ^xmt= &§a hjim smia^ am &B\um oissfc ois 

30. 

XHI26 »0II ?10\M, SOI (b3) 

(b31) SOI (b2) EPII^Oll, SOI HI2 m&j$t SOI SOI S!^¥EH XII 4 m^M £Jgm^ EP||; §J 

(b32) SOI HI4 m&°^E\ ^*!B01I 2IIXW01 SOI E.OI ^EiM^ SOI E.OI :a«»SS SOI (b4) 

soi hi 4 ^si^ soi » soi 4=^! &j-eii u-s ah» xH^sj eoi ^sioii 5H&afe afe ^/4=<y Ehe ei-aiuM 

oigm= ois s<m gj-s. 

31. 

SI 30 SOll 210\M, SOI (b32) &^l^ 

SOI (b31) B^II^OII, SOI M4 SOI ^SOH £|^8|-01 E.OI ^lEIMHF EOI H^^il &^l; 

HI 2 r^S S^l^tM ^^m^ SOI EOI H^^MSI ^H4=M 5^H^! 3^21- ^§2J £| □ EOI EH 4=S Olgmoi 
&m E.OI EH 4=5El AH lisfb B^l; S 

SOI EOI ^EHMeOilAH &S0I XHI^@ SOI E.OI EH ^ms\ E.OI ^EHMg SOI EO| ^EHM^AH 

flSlWJl. SOI EiOl H^^SeollAH asoi Sl^@ SOI EOI ui|EI soi eoi H^^ii soi ^m. eoi h^^s^ah 

soi hi 2 ±^ 2^1^ soi Hi4 ^^oii ^im^ sunm^ m^9.^ am ^ams oiga^ oie 
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